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A Salt Bridge Crucial for Glycine Receptor Function
Stephan A. Pless, Ada Leung, Christopher A. Ahern.
The glycine receptor (GlyR) chloride channel is a member of the pentameric
ligand-gated ion channel (pLGIC) receptor family. These channels mediate
fast inhibitory transmission in the nervous system. Recent structural data and
a wide body of functional data have underlined the importance of the interface
between the ligand-binding domain and the transmembrane domain in channel
gating. A number of charged residues at this interface have been shown to form
salt bridges critical for channel function in other pLGICs. However, no such
interaction has been demonstrated in the GlyR. Mutations at D148 (Cys-
loop) and R218 (pre-M1) in the homomeric alpha 1 GlyR can have drastic
effects on GlyR function and the single mutants D148C and R218C failed to
produce glycine-induced currents in Xenopus oocytes. However, the D148C,
R218C double mutant resulted in receptors that produced glycine-gated cur-
rents with only a small decrease in glycine sensitivity compared to WT. Impor-
tantly, sub-saturating glycine-evoked currents were dramatically increased by
the reducing agent dithiothreitol. This suggests that D148C and R218C can
form a disulphide bridge, possibly indicating an electrostatic interaction be-
tween D148 and R218 that stabilizes the channel closed state. The possibilty
of a state-dependent salt bridge between D148 and R218 raised the question
how the charges are stabilised in the open state. Interestingly, structural studies
have suggested that R218 is flanked by two highly conserved phenylalanine
side chains. To test, if these aromatic amino acids interact with R218 electro-
stically via a cation-pi interaction, we incorporated a series of fluorinated Phe
derivatives using the in vivo non-sense suppression method. However, the
fluorination-induced changes in the glycine sensitivity were not consistent
with a cation-pi interaction. Taken together, these results point towards a crucial
salt bridge between D148 and R218 but no electrostatic contributions by the
flanking phenylalanines.
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A Minimal Set of Electrogenic Molecules (Membrane Clock) Coupled to
an Intracellular Ca-clock to Insure a Robust and Flexible Pacemaker
Cell Function
Victor A. Maltsev, Edward G. Lakatta.
Spontaneous action potentials (APs) can be generated by an ensemble of three
membrane currents ("M-Clock"):"gated" inward/outward currents and a back-
ground current (IbNa)(1960-Noble model). Numerical pacemaker models have
evolved to presently include a dozen sarcolemmal currents and, most recently,
a spontaneous, rhythmic,sarcoplasmic reticulum(SR)-based Ca-oscillator ("Ca-
clock"). The importance of each current has been extensively debated for de-
cades and still remains unclear. Excluding currents with unknown molecular
origin (IbNa,Ist,etc) and using a BROAD PARAMETRIC SENSITIVITY
ANALYSIS, we numerically explore three basic/simplest models (Table) de-
rived from a recent coupled-clock numerical model (Maltsev-Lakatta:
AJP2009;296:H594-615). Physiological rate modulation is achieved in
Model#1 (ICaLþIKrþINCXþIfþ"Ca-clock") via simultaneous variations in
SR-Ca pumping rate (Pup) and Ifactivation (V1/2If). The coupled-clock-system
lacking If (Model#2) is very flexible, but can plunge into extremely low/unphy-
siologic rates. Excluding Ca-clock from the system (Pup=0,Model#3) disables
its ability to achieve higher rates (via only V1/2If). Conclusions: Robustþflex-
ible AP generation can be achieved in a simple numerical model of "Ca-clock"
coupled to "M-clock" of a few established electrogenic molecules
(ICaLþIKrþINCXþIf). While "Ca-clock" insures rate-flexibility, including
higher rates, If protects the system from rate "tumbling" and halt.
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Age Associated Decrease in Intrinsic Action Potential (AP) Firing Rate in
Sinoatrial Node Cells is Linked to Deficient Intrinsic cAMP-PKA-Ca2þ
Signaling
Syevda Sirenko, Shweta Shukla, Jie Liu, Edward G. Lakatta.
Constitutive cAMP-PKA signaling to sarcoplasmic reticulum (SR) in sinoatrial
nodal cells (SANC) generates spontaneous, rhythmic localCa2þ releases (LCRs)
beneath the surface membrane, that underlie the Action Potential (AP) Intrinsic
Firing Rate (IAPFR). IAPFR in vivo, and in isolated sinoatrial nodes (SAN) de-
clines between 2-4 and 22-24months in C57 blackmice and augmentation of AP
firing rate in response to phophodiesterase (PDE) inhibition, which prevents
cAMP degradation and augments PKA-dependent phosphorylation of SR
Ca2þ cycling proteins, declines with age. We tested whether the response
SR Ca2þ cycling to cAMP-PKA signaling declines with age. To study the SR
Ca2þ cycling at clamped [Ca2þ]i (100 nmol/L ) we permeabilized single
SANC with 0.01% saponin. The frequency of spontaneous LCRs was substan-tially lower in SANC of old (48.655.3/sec*mm, n=10) vs. young mice
(80.9511/sec*mm, n=11). The caffeine induced releasable Ca
2þ (rapid spritz,
20 mM) also decreased with age: 77.7512.6 nmol/L (n=5) in old vs.
120.7510.8 nmol/L (n=8) in young. Incubation with the broad spectrum PDE
inhibitor, IBMX (5mM), significantly (p<0.03) increased LCR’s size (4.4 to
750.5mm), duration (38 to 5653.6ms), the integral of LCR Ca2þ release
(S*mm*ms*DCa2þ nmol/L) and estimated number of active RyR clusters
(more than 2 fold), the rhythmicity index (RI, assessed via autocorrelation func-
tion) increased in young (n=11), but not in old SANC (p>0.05 n=7). Phospho-
lamban (PLB) phosphorylation at Ser16 (PLB/total PLB) immunolabeling in
control did not differ with age, but increased 2.250.2 fold after incubation
with 10mMIBMX in young but did not increase in old SANC (p<0.05).We con-
clude that intrinsic SR Ca2þcycling and its response to PDE inhibition decline
with age, and that this decline is linked to the age-associated decrease in IAPFR.
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Reverse Rate Dependency is an Intrinsic Property of Canine Cardiac
Preparations
Balazs Horvath, Tamas Banyasz, Laszlo Virag, Laszlo Barandi,
Norbert Szentandrassy, Gabor Harmati, Janos Magyar, Stefano Marangoni,
Antonio Zaza, Andras Varro, Peter P. Nanasi.
AIMS: Class III antiarrhythmic agents exhibit reverse rate-dependent lengthen-
ing of the action potential (AP). Although several theories developed so far to
explain this reverse rate dependency (RRD), its mechanism has not yet been
clarified. The aim of the present work was to further elucidate the mechanisms
responsible for reverse rate-dependent drug effects.
METHODSANDRESULTS:APswere recorded frommulticellular canine ven-
tricular preparations and isolated cardiomyocytes, at cycle lengths (CL) varying
from 0.3 to 5 s, using conventional sharp microelectrodes. Action potential du-
ration (APD) was either modified by applying inward and outward current
pulses, or by superfusion of agents known to lengthen or shorten the AP. Net
membrane current (I(m)) was calculated from action potential waveforms.
We hypothesised that RRD may be implicit in the relationship between I(m)
and APD. The hypothesis was tested by numerical modelling. Both drug-
induced lengthening (by veratrine, BAY-K 8644, dofetilide, and barium-
chloride) and shortening (by lidocaine and nicorandil) of action potentials dis-
played RRD, i.e. changes in APD were greater at longer CLs than at shorter
CLs. A similar effect was found when repolarization was modified by injection
of inward or outward current pulses. I(m) measured at various points of the AP
was inversely proportional to APD and to CL. Model simulations showed that
RRD is expected as a consequence of the non-linearity of the relationship be-
tween I(m) and APD.
CONCLUSION: RRD of APD modulation is shared, although with differences
in magnitude, by interventions of very different nature. RRD can be interpreted
as a consequence of the relationship between I(m) and APD and, as such, is ex-
pected in all species having positive APD-CL relationship. This implies that de-
veloping agents that lack of RRD or prolong AP with direct rate dependency
may be difficult to achieve.
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Beta-Adrenergic Stimulation Alters Both ion Channel Currents and Func-
tional Refractory Period to Steepen Action Potential Duration Restitution
in Persistent Atrial Fibrillation
Jason D. Bayer, David E. Krummen, Sanjiv M. Narayan, Natalia Trayanova.
Background: In electrophysiology studies of patients with persistent atrial fibril-
lation (AF), Isoproterenol increases the slope of action potential duration resti-
tution (APDR) to >1 and promotes fibrillation. However, the mechanism by
which Isoproterenol steepens APDR is unclear. Using computational modeling,
we set out to determine if Isoproterenol directly steepens APDR by altering ion
channel currents or by shortening the functional refractory period (FRP).
Methods: Realistic cell and tissue models of the left atria were developed for
control and persistent AF conditions. Ion channel remodeling during AF was
modeled based on slot-blot data. Beta-Adrenergic stimulation by 0.01-1.0mM
Isoproterenol was simulated by increasing ICaL, Iup, IKs, and IKur up to 200%,
200%, 150%, and 250%, respectively. APDR curves were generated by pacing
each model at a baseline cycle length of 400ms, followed by premature stimuli
coupled initially at 380ms, then decreasing the coupling by 10ms until effective
refractory period was reached. APDR slopes and FRPs were validated with data
from 10 persistent AF patients.
Results: In single cells, alterations in ion channel currents by Isoproterenol did
not increase APDR slope above 1 (0.5 to 0.8). In tissue models, Isoproterenol
reduced FRP by up to 40ms, which further steepened APDR and resulted in
slopes >1 (0.7 to 1.5). Similarly, in AF patients administered Isoproterenol
APDR slope increased from 0.5550.29 to 1.8150.88 with a mean FRP short-
ening of 33ms.
